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SI METHODS
Materials
Organic solvents were purchased from Sigma Aldrich (St. Louis, MO) or Fisher Scientific and used without further purification. Water was purified to 18.2 MΩ by a Millipore 147 (Billerica, MA) Direct Q system. Amino acids and resins were purchased from Anaspec (Fremont, CA). Trypsin and urea were purchased from Sigma Aldrich (St. Louis, MO).
Peptide and Radical Precursor Synthesis
All synthetic peptides were synthesized manually using standard FMOC procedures with Wang Resins as the solid support. S1 N-hydroxysuccinimide (NHS) activated iodobenzoyl esters were synthesized by following a previous procedure.
S2
Mass Spectrometry and Radical Directed Dissociation
Solutions were analyzed using an LTQ linear ion trap mass spectrometer (Thermo Fisher Scientific, San Jose, CA) with a standard electrospray ionization source. The posterior plate of the ion trap was modified with a quartz window to allow fourth-harmonic (266 nm) laser pulses from a flash-pumped Nd:YAG laser (Continuum, Santa Clara, CA). A digital delay generator (Berkeley Nucleonics, San Rafael, CA) was used to synchronize laser pulses. Photodissociation of the para-iodobenzoate labeled peptide causes homolytic dissociation of the carbon-iodine bond producing a radical peptide. Further collision-induced dissociation (MS 3 ) was performed on the radical by re-isolation of the largest peak in the photodissociation spectrum.
LC-MS Data Acquisition and Analysis
An Agilent 1100 series HPLC system (Agilent, Santa Clara, CA) with a BetaBasic C-18 column (150 mm x 2.1 mm, particle size 3 µm) was coupled to the LTQ mass spectrometer.
Peptides were separated using a 0.1% formic acid in water (mobile phase A) and a 0.1% formic acid in acetonitrile (mobile phase B) binary system at a flow rate of 0.2 mL/min. The digestion mixtures were loaded onto the column and separated using the following gradient: 5% B to 20% ) and then CID (MS 3 ). In the RDD LC-MS experiments, the laser pulses were triggered during the MS 2 step and CID was performed as a pseudo-MS 3 step. Due to the high photodissociation yield of the 4-iodobenzoic acid chromophore, the major peak during this step was the loss of iodine, and it is the subsequent precursor for MS 3 . The exclusion time was set to 60 seconds for the identification of peptides.
For isomer identification, an inclusion mass list was added and the exclusion time was reduced to 16 seconds.
MS data was acquired with Xcalibur software. The .raw files were converted to .mgf files using MSConvert software. The .mgf files were searched with X!Tandem PILEDRIVER edition (version 2015.04.01.1) against the Ovis aries, Sus scrofa and Bos taurus UniprotKB databases.
The cleavage sites were set as lysine and arginine (semi cleavage was turned on), allowing up to two missed cleavages and one point mutation). Carbomylation (+57.02 Da at Cys) was set as a fixed modification, and N-acetylation, phosphorylation and oxidation were all considered as variable modifications. For the iodobenzoate-modified digestion mixture, the modifier (+230.01
Da) was considered as a possible modification at either the N-terminus or lysine side chain. The parent monoisotopic mass error was set to ±1 Da, the minimum parent mass was set to 400 Da and the fragment mass error was set to ±0.4 Da. The criteria for accepting peptides identified by X! Tandem was e < 0.005. The false discovery rate was set to 0.1% and was calculated by searching the data against the reversed database.
Clustal Omega was used to determine sequence homology between the crystallins of different animals. S3 The models of crystal structures in Figures 2, 3, 4 and 7 were made using S-4 UCSF Chimera. S4 In silico mutation of Asp109 was performed using MacroModel (Schrodinger Inc., Portland, OR, USA). Figure S1 . a) Chromatogram of AIPVSR peptide from WI sheep. b) CID is performed on the front of the peak and tail of it to see if the isomers were co-eluting. The R isomer value between the two resulting spectra (1 and 2) is 1.4 which is below our threshold for confident detection. c)
The WI digest is then modified with the iodobenzoyl chromophore, and again only one 4IB-AIPVSR peak appears in the chromatogram. d) Performing RDD on the edges of this peak (1 and 2) yields an R isomer value of 3.3 which is well above our threshold of 2.4, confirming that they are isomers.
S-5 Figure S2 . Sequence alignment between αA and αB crystallin from sheep using the Clustal Omega matrix. The two sequences share a 56% homology.
S-6 S-7 Figure S4 . Sequence alignment of human, pig, cow and sheep βB3 proteins using Clustal
Omega. Aspartic acid residues in red are conserved in each species and were found to be isomerized in only the WI fraction of the pig, cow and sheep lenses. His113 and Arg196 (also in S-8 red) are conserved amongst each of the species as well. Sequence homology is over 90% between pig/sheep/cow compared to human. Comparison of the CID fragmentation spectra of the two peaks shows notable differences between the y 8 2+ and y 4 + fragments. The R isomer score is 3.6, which verifies that they are isomers. c) All four aspartic acid isomers of this peptide were synthesized and CID analysis was performed to determine which forms were present in the digest. differences can be seen between each, especially #6 which has an unusually large y 5 + peak. 
S-11
S-13
